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Abstract
:HSURSRVHDPDWKHPDWLFDOPRGHO WRPLQLPL]HWKHRYHUDOO UHVSRQVHWLPH
FRQVLVWLQJRIWKHFXUUHQWVKLSLQFLGHQWDQGIXWXUHSRWHQWLDOLQFLGHQWWKDWPLJKW
RFFXUDWVRPHRWKHUVLWHLQWKHVHD&RQVLGHULQJWKHXQFHUWDLQWLHVLQERWKREMHFWLYH
IXQFWLRQDQGFRQVWUDLQWVDWZRVWDJHVWRFKDVWLFSURJUDPPLQJPRGHOKDYLQJ
FKDQFHFRQVWUDLQWVIRUWKHQXPEHURIUHVFXHVKLSVWREHUHTXLUHGDWWKHSRWHQWLDO
LQFLGHQWVLWH LVIRUPXODWHG7KHQ WKHPRGHO LV WUDQVIRUPHGLQWRHTXLYDOHQW
SURJUDPPLQJPRGHOZLWKGHWHUPLQLVWLFFRQVWUDLQWV
,QDGGLWLRQZHSUHVHQWDVDYDULDWLRQRI WKHGHWHUPLQLVWLFFRQVWUDLQWV WKH
H[SHFWHGYDOXHIRUPXODWLRQZKHUHWKHH[SHFWHGQXPEHURIUHVFXHVKLSVUHTXLUHG
LVFDOFXODWHG$QXPHULFDOH[DPSOHLVH[DPLQHGZLWKVHQVLWLYLW\DQDO\VLVZKLFK
FRQVHTXHQWO\VKRZVWKHHIIHFWVRIFKDQJHVLQFRQVWUDLQWSDUDPHWHUVLHTXDOLW\RI
VHUYLFHRQWKHRSWLPDOVROXWLRQVRIWKHSUREOHP
.H\ZRUGV 6KLS LQFLGHQWV FKDQFHFRQVWUDLQWVTXDOLW\RI VHUYLFH VWRFKDVWLF
SURJUDPPLQJ
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I. Introduction
9DULRXVW\SHVRIXQH[SHFWHGVKLSLQFLGHQWVRFFXUULQJLQWKHVHDDQGDURXQGSRUW
DUHDVFDQUHVXOWLQQRWRQO\VHULRXVHQYLURQPHQWDOSUREOHPVGXHWRWKHUHOHDVHRI
KD]DUGRXVPDWHULDOVRLOJDVWR[LFVXEVWDQFHVHWFEXWGHDWKRIPDQ\LQQRFHQW
OLYHV7RGD\DORQJZLWKWKHVWDWHRIWKHDUWVKLSFRQVWUXFWLRQWHFKQRORJ\VKLSVDUH
WUDQVSRUWLQJFRXQWOHVVQXPEHURIFDUJRHVRIGLIIHUHQWNLQGVDVZHOODVSDVVHQJHUV
&RQVLGHULQJPRUHIUHTXHQWVHDWUDIILFHQYLURQPHQWUHIOHFWLQJRQWKHJURZLQJ
LPSRUWDQFHRIPDULWLPHRSHUDWLRQVDQGGUDPDWLFLQFUHDVHLQWKHWUDQVSRUWRI
YDULRXVFDUJRHVE\ZD\RIPRGHUQL]HGVKLSV WKHSRVVLELOLW\RIVKLSUHODWHG
LQFLGHQWVLVJHWWLQJKLJKHUWKDQHYHUEHIRUH8QOLNHODQGLQFLGHQWVVXFKDVUDLOZD\V
DQGURDGZD\VZKHUHGLVSDWFKRIUHVFXHSDUW\DQGHPHUJHQF\YHKLFOHVWRWKH
LQFLGHQWVLWHVDUHSHUIRUPHGSURPSWO\WKHLQFLGHQWVLQWKHRSHQVHDXVXDOO\QHHG
PXFKPRUHWLPHDQGUHVFXHHIIRUWVWRGLVSDWFKWKHUHVFXHVKLSVDQGFOHDULQFLGHQW
GXHWRWKHJHRJUDSKLFFKDUDFWHULVWLFVRIZDWHUVDOODURXQG
(VSHFLDOO\WKHLQFUHDVHLQWUDGLQJKD]DUGRXVPDWHULDODQGGDQJHURXVJRRGV
PDNHWKHSRUWDUHDVDQGRSHQVHDPRUHULVN\SODFHVZKHQXQH[SHFWHGLQFLGHQWV
KDSSHQ
8VXDOO\ WKH GLVDVWURXV LPSDFWV RIPDULWLPH LQFLGHQWV HQGXS VHYHUH
HQYLURQPHQWDOGDPDJHVWRWKHVHDOLIHDVZHOODVWKHORVVRISHRSOHRQERDUG
XQOHVVVZLIWDQGWKRURXJKUHVFXHZRUNLVQRWSHUIRUPHG
,QJHQHUDOHPHUJHQF\UHVSRQVHSUREOHPVIRUXQH[SHFWHGLQFLGHQWVKDYHEHHQ
PDMRU¿HOGRIVWXG\LQGLIIHUHQWVRUWVRILQFLGHQWVUDQJLQJIURPQDWXUDOGLVDVWHUV
VXFKDVZLOG¿UHHDUWKTXDNHVWVXQDPLDQGWZLVWHUKXUULFDQHWRWUDQVSRUWUHODWHG
LQFLGHQWVWRPLQLPL]HWKHGDPDJHWRKXPDQEHLQJV,QWKLVUHJDUGDJUHDWPDQ\RI
UHVHDUFKHVRQLQFLGHQWUHVSRQVHDQGHPHUJHQF\YHKLFOHGLVSDWFKRSHUDWLRQVKDYH
EHHQVWXGLHGIRFXVLQJRQUHGXFLQJUHVSRQVHWLPHZKLFKLVXVXDOO\WRPLQLPL]H
WKHGLVWDQFHEHWZHHQLQFLGHQWVLWHVDQGDYDLODEOHUHVFXHIDFLOLWLHVLQPDQ\ZD\V
'DVNLQHVWDEOLVKHGDPRGHOWR¿QGWKHORFDWLRQRISXEOLFVHUYLFHIDFLOLWLHVZLWK
WKHREMHFWLYHRIPD[LPL]LQJWKHH[SHFWHGFRYHUDJHRIGHPDQG1)6WRUWLDQG
%ORPEHUJXVHGWKH6$6VRIWZDUHSURJUDPWRRSWLPL]HWKHDPEXODQFHORFDWLRQLQ
'DVNLQ
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HPHUJHQF\2)2]GDPDUHWDOFRQVLGHUHGYHKLFOHURXWLQJSUREOHPLQFDVHRIQDWXUDO
GLVDVWHUZKHUHHPHUJHQF\FRPPRGLWLHVDUHGLVWULEXWHGWRGLVWULEXWLRQFHQWHULQ
DIIHFWHGDUHD3LUNXODQG6FKLOOLQJGHYHORSHGDPRGHOIRUHPHUJHQF\IDFLOLW\
VHOHFWLRQWRPLQLPL]HERWKYDULDEOHDQG¿[HGFRVWV4)6LQKDDQG3DOXVHGDPL[HG
LQWHJHUSURJUDPPLQJPRGHOIRURSWLPDOORFDWLRQVRIUHVSRQVHYHKLFOHVZKLFK
PLQLPL]HWKHDQQXDOFRVWRIWKHYHKLFOHVFRQVLGHULQJWKHIUHTXHQFLHVRILQFLGHQWV
DWSRWHQWLDOVLWHV5)
+RZHYHUGXHWRWKHFRPSXWDWLRQDOGLIILFXOWLHVSRVHGE\FRPSOH[LQFLGHQW
SUREOHPIRUPXODWLRQVPDQ\UHVHDUFKZRUNVKDYHEHHQOLPLWHGWRGHWHUPLQLVWLF
PRGHOLQJZLWKNQRZQLQSXWVGHPDQGVWLPHVHWF:KLOHVXFKDSSURDFKHVFDQ
SURYLGHLQVLJKWRQJHQHUDORSHUDWLRQVDQGPDQDJHPHQWSHUVSHFWLYHVRPHWLPHV
WKHVHVROXWLRQVDUHQRWDGHTXDWHWRLPSOHPHQWLQUHDOOLIHVLWXDWLRQVEHFDXVHWKH
XQFHUWDLQWLHVLQKHUHQWLQWKHPRGHOIRUPXODWLRQPLJKWQRWEHWUHDWHGLQPRUH
SURSHUZD\
2]ED\HWDOXVHGWKHFRQFHSWRITXDOLW\RIVHUYLFHIRUDSRWHQWLDOLQFLGHQWDQG
HVWDEOLVKHGDYHKLFOHGLVSDWFKLQJPRGHOZLWK MRLQWSUREDELOLVWLFFRQVWUDLQWV
FRQVLGHULQJVWRFKDVWLFUHVRXUFHYHKLFOHUHTXLUHPHQWVDWWKHSRWHQWLDOLQFLGHQWV
VLWHVWRFDOFXODWHWKHRSWLPDODOORFDWLRQRIYHKLFOHVWRHDFKGHSRW6)2ZHQDQG
'DVNLQGHVFULEHDFRPSUHKHQVLYHUHYLHZIRUIDFLOLW\ORFDWLRQSUREOHPVPRGHOHG
LQERWKGHWHUPLQLVWLFDQGVWRFKDVWLFSURJUDPPLQJIRUPXODWLRQV7)5HFHQWO\
5DNWLPDQG,QGUDQLOVWXGLHGWKHRSWLPDODVVLJQPHQWRIHPHUJHQF\YHKLFOHVZLWK
UHOLDELOLW\FRQVWUDLQWV
+RZHYHUHYHQZLWKHQRUPRXVDPRXQWRIZRUNRQYHKLFOHGLVSDWFKLQJSUREOHPV
LQFDVHRILQFLGHQWVUHVHDUFKIRFXVLQJRQWKHUHVFXHVFKHGXOLQJDQGGLVSDWFKLQJ
IRUPDULWLPHLQFLGHQWVKDYHQRWEHHQIRXQGPXFKLQDYDLODEOHOLWHUDWXUH
7KH7DEOH!EHORZVKRZVWKHPDULWLPHLQFLGHQWVLQ.RUHDQGRPHVWLFZDWHUV
LQFOXGLQJSRUWVDQGVXUURXQGLQJZDWHUZD\VRYHU WKH\HDUVZLWK
DYHUDJHQXPEHURILQFLGHQWVSHU\HDU
6WRUWLDQG%ORPEHUJ
2]GDPDUHWDO
3LUNXODQG6FKLOOLQJ
6LQKDDQG3DO
2]ED\HWDO
2ZHQDQG'DVNLQ
5DNWLPDQG,QGUDQLO
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7DEOH!0DULWLPHLQFLGHQWV\HDUV
8QLW1XPEHU
6RXUFH.RUHDQ0DULWLPH6DIHW\7ULEXQDO
,QWKLVSDSHUEDVHGRQ2]ED\HWDOZKRFRQVLGHUHGQRWRQO\WKHFXUUHQWLQFLGHQWV
EXWSRVVLEOHIXWXUHSRWHQWLDOLQFLGHQWVWKDWPLJKWRFFXUZHSURSRVHDWZRVWDJH
VWRFKDVWLFSURJUDPPLQJPRGHOZLWKDSUREDELOLVWLFREMHFWLYHIXQFWLRQDQGFKDQFH
FRQVWUDLQWVIRUWKHIXWXUHSRWHQWLDOVKLSLQFLGHQWZKLFKQHHGVDUDQGRPQXPEHURI
UHVFXHVKLS(DFKFKDQFHFRQVWUDLQWLVWRPHHWDJLYHQOHYHORITXDOLW\RIVHUYLFH
7KHUHPDLQGHURIWKHSDSHULVRUJDQL]HGDVIROORZV,QVHFWLRQ,,WKHWZRVWDJH
VWRFKDVWLFSURJUDPPLQJPRGHOIRURSWLPDOUHVFXHVKLSGLVSDWFKLVGHYHORSHG
FRQVLGHULQJWKHXQFHUWDLQW\RIWKHGHPDQGIRUWKHUHVFXHVKLSVZKHUHWKHGHPDQG
LVDVVXPHGWRKDYHNQRZQGLVFUHWHUDQGRPGLVWULEXWLRQ7KHQZHVKRZWKH
GHWHUPLQLVWLFHTXLYDOHQWIRUPXODWLRQZLWKSUREDELOLVWLFQRWDWLRQVUHSODFHGE\
GHWHUPLQLVWLFYDOXHV,QVHFWLRQ,,,DQXPHUDOH[DPSOHRIWKHSURSRVHGPRGHO
ZLOOEHGHPRQVWUDWHGDQGDQDO\]HGZKHUHGLIIHUHQWOHYHORIVHUYLFHTXDOLW\VKRZ
WKHFKDQJHVLQWKHQXPEHURIWKHUHVFXHVKLSVIRUWKHSRWHQWLDOLQFLGHQW7KH
<HDU
$UHD      6XP
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,QFKHRQ     11 
.XQVDQ-DQJKDQJ   5  2 
0RNSR 1 4 4 2 4 15
<HRVX*ZDQJ\DQJ 1 2 5 6  17
6DPFKXQSR7RQJ\RXQJ 7 6 2 7 11 
0DVDQ-LQKDH 5 5 2 2 4 
%XVDQ 12 14   25 74
%XVDQ*HRMHZDWHUZD\2NSR-DQJVHXQJSR 6 6  4 6 25
8OVDQ3RKDQJ 14   4 4 
6RNFKR6DPFKXFN 1 6  4 6 
-HMX6HRJXLSR 1 4    14
7HUULWRULDOVHD
(DVWVHD  72 42 46  
:HVWVHD  166    
6RXWKVHD  164  116  
7RWDO   417  426 
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FRQFOXVLRQDQGIXWXUHUHVHDUFKZLOOEHGLVFXVVHGLQVHFWLRQ,9)RUWKHGH¿QLWLRQ
RIVKLSLQFLGHQWZHIROORZHGWKHUXOHGHVFULEHGLQ³.RUHDQ0DULWLPH6DIHW\
7ULEXQDO´ZKLFKLVWKHVDPHDVWKHLQWHUQDWLRQDOUXOH
II. Problem formulation
7KHVKLSLQFLGHQWVDURXQGSRUWVDQGRSHQVHDVDUHQRWDVIUHTXHQWDVWKHRQHVLQ
ODQGLQFLGHQWVZKHUHDVWKHWLPHWRFOHDUWKHLQFLGHQWXVXDOO\WDNHVPXFKORQJHU
,QWKLVSDSHUZHSURSRVHDWZRVWDJHUHVFXHVKLSGLVSDWFKPRGHOFRQVLGHULQJQRW
RQO\WKHFXUUHQWLQFLGHQWLQRQHSODFHVWDJHEXWDQRWKHUSRVVLEOHSRWHQWLDO
LQFLGHQWWKDWPLJKWRFFXUHOVHZKHUHVWDJHLQODWHUWLPHGXULQJWKHFOHDUDQFH
RIWKHFXUUHQWLQFLGHQW7KHFKDQFHFRQVWUDLQWVDUHHPSOR\HGWRUHSUHVHQWWKH
UDQGRPQHVVRI WKHQXPEHURI WKHUHVFXHVKLSVUHTXLUHGIRU WKHVHSRWHQWLDO
LQFLGHQWVZKLFKVKRXOGVDWLVI\WKHVSHFLILHGOHYHORIVHUYLFHTXDOLW\)RUWKH
SUREOHPIRUPXODWLRQWKHIROORZLQJSDUDPHWHUVDQGGHFLVLRQYDULDEOHVDUHXVHG
Index
LLQGH[IRUGHSRWIURPZKLFKWKHUHVFXHVKLSVDUHGLVSDWFKHGL Q
MLQGH[IRUGHPDQGIRUFXUUHQWLQFLGHQWM P
NLQGH[IRUGHPDQGIRUSRWHQWLDOLQFLGHQWN P
Deterministic parameter
 WijUHVSRQVHWLPHIURPGHSRWLWRLQFLGHQWVLWHM
1jQXPEHURIUHVFXHVKLSVUHTXLUHGDWFXUUHQWLQFLGHQWVLWHM
0iQXPEHURIDYDLODEOHUHVFXHVKLSVDWGHSRWL
Įi DYHUDJHUDWHWKHGHSRWLIDLOV WRUHVSRQGWRWKHLQFLGHQWGXHWRVRPH
UHDVRQVPDLQWHQDQFHEUHDNGRZQZHDWKHUFRQGLWLRQHWF
ȕjȕN)DYHUDJHUDWHWKHFXUUHQWLQFLGHQWVLWHMSRWHQWLDOLQFLGHQWVLWHNIDLOVWR
JHWUHVFXHVHUYLFHIURPDYDLODEOHGHSRWV
Probabilistic parameter
SNSUREDELOLW\RISRWHQWLDOLQFLGHQWDWVLWHN
SNTXDOLW\RIVHUYLFHOHYHOUHSUHVHQWLQJWKHORZHUERXQGSUREDELOLW\WKDWWKH
QXPEHURIUHVFXHVKLSUHTXLUHGE\WKHSRWHQWLDOLQFLGHQWVLWHNZLOOEHVDWLV¿HG
Random variable
5NQXPEHURIUHVFXHVKLSVUHTXLUHGE\WKHSRWHQWLDOLQFLGHQWVLWHNZKRVH
GLVWULEXWLRQLVDVVXPHGWREHNQRZQ
Decision variables
XijQXPEHURIUHVFXHVKLSVGLVSDWFKHGIURPGHSRWLWRFXUUHQWLQFLGHQWVLWHM
YLNQXPEHURIUHVFXHVKLSVGLVSDWFKHGIURPGHSRWLWRSRWHQWLDOLQFLGHQWVLWHN
1. Two stage stochastic model with probabilistic constraints
$ORQJZLWKWKHDERYHQRWDWLRQVWKHWZRVWDJHVWRFKDVWLFSURJUDPPLQJPRGHOLV
FRQVWUXFWHGDVIROORZV
3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7KHVWRFKDVWLFWZRVWDJHREMHFWLYHIXQFWLRQLV WRPLQLPL]HWKHRYHUDOO
UHVSRQVH WLPH UHTXLUHG WRGLVSDWFK UHVFXH VKLSV WRFXUUHQWVWDJH DQG
SRWHQWLDOVWDJHLQFLGHQWVLWHV(TXDWLRQVWDWHVWKDWWKHUHTXLUHGQXPEHU
RIUHVFXHVKLSVE\WKHLQFLGHQWVLWHMVKRXOGEHPHW(TXDWLRQUHSUHVHQWVWKH
FRQVWUDLQWRQWKHIDLOXUHWRUHVSRQGWRLQFLGHQWVLWHM(TXDWLRQLVWKDWWKH
WRWDOQXPEHURIUHVFXHVKLSVGLVSDWFKHGWRWKHLQFLGHQWVLWHVGRHVQRWH[FHHGWKH
QXPEHUDYDLODEOHDWHDFKGHSRW(TXDWLRQLVWKHSUREDELOLVWLFFRQVWUDLQWIRU
WKHUHTXLUHGQXPEHURIUHVFXHVKLSVDWHDFKSRWHQWLDOLQFLGHQWVLWHZKLFKVKRXOG
VDWLVI\DJLYHQVHUYLFHOHYHO$QGWKHODVWHTXDWLRQHQVXUHVWKDWWKHGHFLVLRQ
YDULDEOHVEHLQWHJHUYDOXHG1RWHWKDWWKHFRQVWUDLQWVDUHIRUVWDJHDQG
DUHIRUVWDJH7KHPDLQIRFXVRIWKHSURSRVHGPRGHOLQ3LVWKDWWKH
PRGHO¶VREMHFWLYHLVWRFRQVLGHUWKHIXWXUHLQFLGHQWLQSUREDELOLVWLFZD\ZKLFKLV
OLNHO\WRRFFXUGXULQJWKHUHVFXHMRERIWKHFXUUHQWLQFLGHQW
2. Equivalent two stage stochastic model with deterministic constraints
6LQFHWKHVWRFKDVWLFIRUPXODWLRQGHYHORSHGDERYHFRQWDLQVVRPHSUREDELOLVWLF
H[SUHVVLRQVLQFKDQFHFRQVWUDLQWZHFRQYHUWWKHRULJLQDOSUREOHP3LQWR
HTXLYDOHQWGHWHUPLQLVWLFLQWHJHUSURJUDPPLQJPRGHO7RFRQYHUWWKHFKDQFH
FRQVWUDLQWWRGHWHUPLQLVWLFRQHOHWWKHUDQGRPYDULDEOH5NKDYHWKHFXPXODWLYH
GLVWULEXWLRQIXQFWLRQ)7KHQHTXDWLRQLQWKHRULJLQDOPRGHO3FDQEH
UHZULWWHQDV
ZKHUHWKHULJKWKDQGVLGHRIUHSUHVHQWVWKHQXPEHURIVKLSVUHTXLUHGDWVLWH
NJLYHQWKHVHUYLFHOHYHOSN)LQSUREDELOLW\7KHUHIRUHUHSODFLQJWKHSUREDELOLVWLF
FRQVWUDLQWZLWKWKHFRUUHVSRQGLQJGHWHUPLQLVWLFHTXLYDOHQWVWRFKDVWLF
IRUPXODWLRQLVREWDLQHG
3. Alternative two stage stochastic model with expected value constraints
)RUWKHPRGHOSUREOHP3WKHOHYHORIVHUYLFHSNLVXVXDOO\JLYHQE\WKH
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GHFLVLRQPDNHUZKHQWKHGHPDQGIRUWKHQXPEHURIUHVFXHVKLSVLVDUDQGRP
YDULDEOH+RZHYHUWKHGHWHUPLQDWLRQRIWKHVSHFL¿FYDOXHRISNIRUHDFKSRWHQWLDO
VLWHNLVQRWHDV\DQGDVVHHQLQ7DEOH!LQVHFWLRQ,,,HYHQWKHVPDOOFKDQJHVLQ
SNQHHGGLIIHUHQWRSWLPDOGLVSDWFKSROLF\IURPHDFKGHSRW7KHUHIRUHFRQVLGHULQJ
WKHGLI¿FXOW\RIFKRRVLQJSNWKHIROORZLQJWZRDOWHUQDWLYHZD\VRIFRQVWUXFWLQJ
GHWHUPLQLVWLFPRGHOFDQEHXVHGWRUHSODFHWKHFRQVWUDLQW
$OWHUQDWLYHWKHH[SHFWHGQXPEHURIGLVSDWFKLQJVKLSV(5NUHTXLUHGDWD
SRWHQWLDOVLWHNFDQUHSODFHWKHFRQVWUDLQWLQWKH3ZLWKL<LN(5NIRU
HDFKNZKHUH
$OWHUQDWLYHWKHWRWDOH[SHFWHGQXPEHURIGLVSDWFKLQJVKLSV(5RYHUDOO
SRWHQWLDOVLWHVFDQEHSXWLQWRWKHZKHUH
1RWHWKDWWKHPRGHOVGHVFULEHGLQVXEVHFWLRQVUHGXFHWRDGHWHUPLQLVWLF
PRGHOZKHQ3N IRUVRPHNDQGDOORWKHU3i LNLQWKHREMHFWLYHIXQFWLRQ
ZLWKWKHFRQVWUDLQWEHLQJYDOLGRQO\IRUWKHVLWHN
III. Numerical example
,QWKLVVHFWLRQDQLOOXVWUDWLYHH[DPSOHIRUWKHDSSOLFDWLRQRIWKHSURSRVHGPRGHO
LVGHPRQVWUDWHGDQGDQDO\]HGZKLFKZLOOVKRZWKHHIIHFWRIWKHSURSRVHGPRGHO
RQWKHLPSOHPHQWDWLRQRIWKHUHVFXHVKLSVGLVSDWFKZKHQWKHSRWHQWLDOLQFLGHQW
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LVFRQVLGHUHG:HDVVXPHWKDWWKHUHDUHGHSRWVLQFLGHQWVLWHV
WREHFRYHUHGE\WKHGHSRWVDQGWKHWLPHVEHWZHHQGHSRWVDQGLQFLGHQWVLWHVDUH
JLYHQLQ7DEOH!ZKHUHHDFKQXPEHULQSDUHQWKHVLVLQ¿UVWFROXPQUHSUHVHQWV
WKHQXPEHURIUHVFXHVKLSVDYDLODEOHDWHDFKGHSRW
7DEOH!7LPHVEHWZHHQGHSRWVDQGLQFLGHQWVLWHV
VLWHV
GHSRWV 1 2  4
 12 15  
  17 14 21
  16 12 
7KHGHPDQGIRUWKHUHTXLUHGUHVFXHVKLSVDWHDFKSRWHQWLDOLQFLGHQWVLWHLVD
GLVFUHWHUDQGRPYDULDEOHDQGWKHFRUUHVSRQGLQJSUREDELOLW\IRUHDFKQXPEHULV
JLYHQLQ7DEOH!7KH3NLVDOVRJLYHQLQSDUHQWKHVLVLQ¿UVWURZIRUHDFKVLWH
7DEOH!3UREDELOLW\RIWKHQXPEHURIUHVFXHVKLSVDWHDFKSRWHQWLDOVLWH
VLWHPk)VKLSV
UHTXLUHG
   
3UREDELOLW\IRUWKHQXPEHURIVKLSVUHTXLUHG
    
1    
2    
  O  
$OVRDVVXPHWKDWDQLQFLGHQWRFFXUUHGDWVLWHZKLFKUHTXLUHVUHVFXHVKLSV
:LWKWKHPRGHO3ZHZLOOGHFLGHWKHRSWLPDOGLVSDWFKSROLF\WRPLQLPL]HWKH
RYHUDOOUHVSRQVHWLPH8VLQJWKH/LQGRVRIWZDUHSURJUDPWKHRSWLPDOQXPEHURI
UHVFXHVKLSVWREHGLVSDWFKHGZLWKGLIIHUHQWSNYDOXHVLVVKRZQLQ7DEOH!
)RUSN  WKHULJKWKDQGVLGHRI WKHFRQVWUDLQW UHSODFLQJFDQEH
WUDQVIRUPHGLQWRWKHUHTXLUHGQXPEHURIUHVFXHVKLSVIRUDOOSRWHQWLDOVLWHVDV
VKLSVUHVSHFWLYHO\
,QWHUSUHWDWLRQRIWKHUHVXOWVIRUSN 
IRUWKHFXUUHQWLQFLGHQWVHQGVKLSVIURPGHSRWDQGVKLSIURPGHSRW
WRWKHFXUUHQWLQFLGHQWVLWH
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IRUWKHSRWHQWLDOLQFLGHQWLLIDQLQFLGHQWRFFXUVDWVLWHVHQGVKLS
HDFKIURPGHSRWVDQGLLLIDQLQFLGHQWRFFXUVDWVLWHVHQGVKLSHDFK
IURPGHSRWVDQGLLLLIDQLQFLGHQWRFFXUVDWVLWHVHQGVKLSVIURP
GHSRWDQGLYLIDQLQFLGHQWRFFXUVDWVLWHVHQGVKLSHDFKIURPGHSRWV
DQGUHVSHFWLYHO\
7DEOH!7KHRSWLPDOGLVSDWFKSROLF\ZLWKGLIIHUHQWSNYDOXHV
pk
GHFLVLRQ
a        
RSWLPDO
VROXWLRQ 42        
X11 2 2 2 2 2 2 2 2 2
X21
; 1 1 1 1 1 1 1 1 1
Y11 1 1 1 1 1 1 1
Y12 1 1 1 1 1 1
<
Y14 1 1 1 1 1
Y21
Y22
< 1
Y24
< 1 2
< 1 1 2
< 1 1 1 1 2 2 2 2
< 1 1
)LJ!EHORZVKRZVWKHRSWLPDOWZRVWDJHGLVSDWFKSROLF\IURPHDFKGHSRW
ZLWKSN ZKHUHRQO\GHSRWDQGDUHXVHG+RZHYHULIWKHVHUYLFHOHYHOLV
UDLVHGWRGHSRWDOVRGLVSDWFKHVVKLSWRVLWH7DEOH!
)LJXUH!7ZRVWDJHUHVFXHVKLSVGLVSDWFKZLWKSN 
7KHFKDQJHVLQQXPEHURIUHVFXHVKLSVWREHGLVSDWFKHGZLWKGLIIHUHQWYDOXHVRI
SNDUHVKRZQLQ)LJXUH!
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)LJXUH!1XPEHURIUHVFXHVKLSVWREHGLVSDWFKHGZLWKGLIIHUHQWSN

7KHUHVXOWLQ7DEOH!FRQVLGHUVDOOWKHSRWHQWLDOVLWHVHDFKRIZKLFKKDVWKH
SUREDELOLW\RILQFLGHQFHRFFXUUHQFH3N2QWKHFRQWUDU\WKHIROORZLQJ7DEOH!
VKRZVWKHRSWLPDOQXPEHURIVKLSVGLVSDWFKHGDWHDFKVLWHLIWKHSRWHQWLDOLQFLGHQW
VLWHLVNQRZQLQDGYDQFHLHWKHREMHFWLYHIXQFWLRQLVUHGXFHGWRDGHWHUPLQLVWLF
PRGHOZLWK3N IRUVRPHN)RUH[DPSOHLIWKHSRWHQWLDOVLWHLVVLPSO\VHQG
VKLSIURPGHSRWDQGVKLSVIURPGHSRWWRFXUUHQWLQFLGHQWVLWHDQGVHQG
VKLSVIURPGHSRWWRWKHSRWHQWLDOVLWH
7DEOH!2SWLPDOGLVSDWFKSROLF\IRUHDFKSRWHQWLDOVLWHZLWKSN 
SRWHQWLDOVLWH 1 2  4
RSWLPDOVROXWLRQ 72  66 
x11 2 2 2 1
x21
[ 1 1 1 2
\ 1
\
\ 1
\ 1
\
\ 1
\
\
\ 2
\ 2
\
\
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$VVHHQLQ7DEOH!DQG7DEOH!WKHSURSRVHGPRGHOZLWKVWRFKDVWLF
REMHFWLYHIXQFWLRQKDVWKHDGYDQWDJHWKDWWKHSROLF\PDNHUFDQÀH[LEO\GHSOR\WKH
VKLSVDFFRUGLQJWRWKHLQFLGHQWDWDSRWHQWLDOVLWH
IV. Conclusion
,QWKLVSDSHUDWZRVWDJHVWRFKDVWLFSURJUDPPLQJPRGHOZLWKFKDQFHFRQVWUDLQWV
ZDVGHYHORSHGZKLFKLVWRIRFXVRQWKHSRVVLEOHIXWXUHRFFXUUHQFHRIDQLQFLGHQW
DVZHOODVWKHFXUUHQWLQFLGHQW:LWKGLIIHUHQWOHYHORITXDOLW\VHUYLFHLPSRVHGRQ
WKHFRQVWUDLQWVWKHQXPEHURIRSWLPDOGLVSDWFKSROLF\KDVEHHQFKDQJHG
7KRXJKWKHPDULWLPHLQFLGHQWVGRQRWKDSSHQDVIUHTXHQWO\DVODQGLQFLGHQWV
UHVFXHWDVNQHHGVPRUHWLPHDQGHIIRUWVHYHQIRUDVLQJOHLQFLGHQWDWVHD
&RQVHTXHQWO\WKHSRWHQWLDOLQFLGHQWZKLFKPLJKWRFFXUGXULQJWKHUHVSRQVHWLPH
GHDOLQJZLWKWKHFXUUHQWLQFLGHQWVKRXOGEHDOVRWDNHQFDUHRILQRSHUDWLRQDOSRLQW
RIYLHZIRUGHFLVLRQPDNHUV
)RUPRUHHIIHFWLYHRSHUDWLRQVRIWKHUHVFXHVKLSVDFFXUDWHLQFLGHQWGDWDLV
QHHGHGZLWKZKLFKEHWWHUSUHGLFWLRQIRUWKHSRVVLELOLW\RILQFLGHQWDWHDFKSRWHQWLDO
VLWHFDQEHPDGH)RUIXWXUHUHVHDUFKLWLVQHFHVVDU\WRFRQVLGHUWKHLQFLGHQWLQ
PRUHDFFXUDWHZD\VXFKDVPLQRURUPDMRUGDPDJHWRWKHVKLSDQGVHYHULW\RIWKH
SHRSOHRQERDUGZKLFKFRQVHTXHQWO\DIIHFWWKHFDOFXODWLRQRIWKHSUREDELOLW\RI
IXWXUHLQFLGHQWV
7KHSURSRVHGPRGHOLVRQHRIWKH¿UVWIHZDSSURDFKHVLQHPHUJHQF\UHVSRQVH
IRUPDULWLPHLQFLGHQWVDQGFDQEHRISUDFWLFDOKHOSIRULPSURYHPHQWRIUHVFXHVKLS
GLVSDWFKRSHUDWLRQV*

'DWHRI&RQWULEXWLRQ0D\
'DWHRI$FFHSWDQFH-XQH
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